Electronic Version 
Stylesheet Version vl.1.1 

Description 

[HIGH-VOLTAGE MOS DEVICE AND 
FABRICATION THEREOF] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a semiconductor device 
and a method for fabricating the same. More particularly, 
the present invention relates to a high-voltage metal-ox- 
ide-semiconductor (HV-MOS) device and a method for 
fabricating the same. 

[0003] Description of the Related Art 

[0004] HV-MOS devices are widely used in power circuits, having 
particular structures for sustaining high voltages and in- 
creasing breakdown voltages. FIG. 1 illustrates the top 
view of a conventional HV-MOS device, which includes a 
field oxide (FOX) layer 110, a gate 120, a channel region 
130 under the gate 120 surrounded by the FOX layer 110, 
a source region 140 and a drain region 150 beside the 



channel region 130 each surrounded by the FOX layer 
110, and a drift region 160 between the channel region 
130 and each of the source region 140 and the drain re- 
gion 150. The drift region 160 is formed by implanting a 
dopant into the substrate using a mask layer having an 
opening 180 therein as one part of the implantation mask. 
Before the implantation, the regions predetermined for 
the channel region 130, the source region 140 and the 
drain region 150 are covered with another mask layer that 
defines the active areas and serves as the other part of the 
implantation mask. 
[0005] | n the above-mentioned HV-MOS device, the FOX layer 

110 between the channel region 130 and the source/drain 
region 140/150 serves as a field isolation layer that allows 
the device to sustain a high voltage. In addition, the 
source/drain region 140/150 usually consists of a heavily 
doped contact region and a lightly doped grade region 
under the contact region for increasing the breakdown 
voltage of the device. However, breakdown still occurs 

easily at the corners of the grade regions. 
Summary of Invention 

[0006] | n V j ew 0 f the foregoing, this invention provides a high- 
voltage metal-oxide-semiconductor (HV-MOS) device that 



has a higher breakdown voltage. 

[0007] This invention also provides a method for fabricating a 

HV-MOS device capable of increasing the breakdown volt- 
age of the HV-MOS device. 

[0008] The HV-MOS device of this invention includes a substrate, 
a gate dielectric layer, a gate, a channel region, two doped 
regions as a source and a drain, a field isolation layer, a 
drift region and a modifying doped region. The gate di- 
electric layer is disposed on the substrate, the gate on the 
gate dielectric layer, and the channel region in the sub- 
strate under the gate dielectric layer. The two doped re- 
gions as the source and the drain are located in the sub- 
strate beside the gate, and the field isolation layer be- 
tween the gate and at least one of the two doped regions. 
The drift region is located in the substrate under the field 
isolation layer and connects with the channel region and 
the at least one doped region, and the modifying doped 
region in the substrate at the periphery of the at least one 
doped region. 

[0009] | n t he method for fabricating a HV-MOS device of this in- 
vention, the regions of the substrate where the channel 
region, the source and the drain region will be formed are 
firstly covered with a mask layer. A portion of the sub- 



strate between the channel region and the region prede- 
termined for the at least one doped region and another 
portion of the substrate at the periphery of the predeter- 
mined region are implanted with a dopant to form doped 
regions. A field isolation layer is then formed on the ex- 
posed portions of the substrate, while the doped region 
under the field isolation layer between the channel region 
and the predetermined region serves as a drift region, and 
the doped region under the field isolation layer at the pe- 
riphery of the predetermined region serves as a modifying 
doped region. Thereafter, a gate dielectric layer and a 
gate are formed covering the channel region, and a source 
region and a drain region are formed in the substrate be- 
side the gate using the gate and the field isolation layer as 
a mask. 

[0010] | n the HV-MOS device of this invention, the modifying 
doped region at the periphery of the at least one doped 
region separated from the gate by the field isolation layer 
can increase the breakdown voltage of the device. It is 
more preferable that the modifying doped region and the 
drift region together completely surround the at least one 
doped region for effectively increasing the breakdown 
voltage. 



[° 011 ] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0012] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0013] FIG. 1 illustrates the top view of a conventional HV-MOS 
device. 

[0014] piGs. 2A and 2B illustrate a HV-MOS device according to a 
preferred embodiment of this invention in a top view and 
in a cross-sectional view along line ll-ir, respectively. 

[0015] FIGs 3, 4 and 2A/2B illustrate a process flow of fabricating 
a HV-MOS device according to the preferred embodiment 
of this invention, wherein FIGs. 3 and 4 are also cross- 
sectional views along line II — I l w . 

[00 1 6] FIG. 5 shows the test result of HV-PMOS and HV-NMOS 
devices of 80V or 120V according to the preferred em- 
bodiment of this invention, wherein x-axis represents the 



width "W"(nm) of the modifying doped region and y-axis 

the breakdown voltages of the HV-MOS devices. 
Detailed Description 

[0017] piGs. 2A and 2B illustrate a HV-MOS device according to 
the preferred embodiment of this invention in a top view 
and in a cross-sectional view along line II — II", respectively. 
Referring to FIGs. 2A and 2B, the HV-MOS device includes 
a substrate 200, a field isolation layer 210 on a substrate 
200, a gate 220, a gate dielectric layer 222, a channel re- 
gion 230, a source region 240 and a drain region 250, 
two drift regions 260 and two modifying doped regions 
270. 

[0018] The substrate 200 is, for example, a single-crystal silicon 
wafer, and the field isolation layer 210 may be a field ox- 
ide (FOX) layer formed with a thermal oxidation process. 
The gate dielectric layer 222 is disposed on the substrate 
and surrounded by the field isolation layer 210, the gate 
220 covers the gate dielectric layer 222, and the channel 
region 230 is located in the substrate 200 under the gate 
dielectric layer 222 and surrounded by the field isolation 
layer 210. The source region 240 and the drain region 
250 are located in the substrate 210 beside the channel 
region 230, each being surrounded by the field isolation 



layer 210. The drift region 260 is located in the substrate 
200 under the field isolation layer 210 between the chan- 
nel region 230 and each of the source region 240 and the 
drain region 250. In addition, each of the heavily doped 
source region 240 and drain region 250, i.e., contact re- 
gions, further has an underlying grade extension region 
262 that is lightly doped. 
[0019] Referring to FIGs. 2A and 2B again, each modifying doped 
region 270 is in the substrate 200 at the periphery of the 
source/drain region 240/250, so that the source/drain 
region 240/250 is completely surrounded by a drift re- 
gion 260 and a modifying doped region 270 together. The 
modifying doped region 270 is for modifying the corner 
shape of the grade extension region 262, so as to reduce 
the electric field there and increase the breakdown voltage 
of the HV-MOS device. In addition, the modifying doped 
region 270 may have a uniform width (W), as shown in 
FIG. 2A. The drift regions 260 and the modifying doped 
regions 270 can be formed simultaneously by implanting 
a dopant into the substrate 200 using a mask layer having 
an opening 280 therein as a part of the implantation 
mask, which is described below in details. The doping 
concentration of the drift regions 260 and the modifying 



doped region 270 ranges from 5xl0 15 /cm 3 to 5xl0 17 / 

3 

cm . 

[0020] FIGs 3, 4 and 2A/2B illustrate a process flow of fabricating 
a HV-MOS device according to the preferred embodiment 
of this invention, wherein FIGs. 3 and 4 are also cross- 
sectional views along line 11-11". Referring to FIG. 3, a sub- 
strate 200 is provided, and then a first mask layer 310a/b 
defining the active areas and a second mask layer 320 are 
sequentially formed on the substrate 200. The first mask 
layer 310a/b includes a first part 310a covering the region 
of the substrate 200 predetermined for the channel region 
230 and two second parts 310b covering the two regions 
predetermined for the source region 240 and the drain 
region 250, respectively. The boundaries of the first part 
310a and the two second parts 310b of the first mask 
layer 310a/b are approximately the same as those of the 
channel region 230, the source region 240 and the drain 
region 250, respectively. The first mask layer 310a/b may 
include a pad oxide layer and a thick silicon nitride (SiN) 
layer thereon. 

[0021] The second mask layer 320 has an opening 280 therein, 
which exposes the substrate 200 between the first part 
310a and the two second parts 310b of the first mask 



layer 310a/b and another portion of the substrate 200 at 
the peripheries of the two second parts 310b. The open- 
ing 280 in the second mask layer 320 is preferably formed 
exposing a portion of the substrate 200 completely sur- 
rounding each second part 310b, so that the drift region 
260 and the modifying doped region 270 formed latter 
together completely surround the grade extension region 
262 to effectively increase the breakdown voltage. In ad- 
dition, the second mask layer 320 may be a patterned 
photoresist layer. Thereafter, ion implantation 330 is per- 
formed to formed doped region 260 and 270 in the sub- 
strate 200 using the first mask layer 310 and the second 
mask layer 320 as an implantation mask. The dosage of 

1 2 2 1 

the ion implantation 330 ranges from 10 /cm to 10 / 

2 

cm . 

[0022] Referring to FIG. 4, the second mask layer 320 is re- 
moved, and then a field isolation layer 210 is formed on 
the substrate 200 using the first mask layer 310a/b as a 
mask. The field isolation layer 210 is preferably formed 
with a thermal oxidation process, which produces a field 
oxide (FOX) layer on the exposed portions of the substrate 
200, while the dopant in the doped regions 260 and 270 
are driven down. The doped regions 260 under the field 



isolation layer 210 between the first part 310a and the 
two second parts 310b of the first mask layer 310a/b 
serve as drift regions, and the doped regions 270 under 
the field isolation layer 210 at the peripheries of the two 
second parts 310b of the first mask layer 310a/b serve as 
modifying doper regions. 
[0023] Referring to FIG. 2A/2B, the first mask layer 310a/b is re- 
moved, and then a gate dielectric layer 222 is formed on 
the channel region 230. A gate 220 is formed over the 
substrate 200 covering the gate dielectric layer 222 and 
the channel region 230 as well as a portion of the field 
isolation layer 210. A source region 240 and a drain re- 
gion 250 that are heavily doped to serve as contact re- 
gions, as well as the lightly doped grade regions 262, are 
then formed in the substrate 200 using the field isolation 
layer 210 and the gate 220 as a mask. The grade regions 
262 are formed deeper than the source/drain region 
240/250. 

[0024] FIG. 5 shows the test result of HV-PMOS and HV-NMOS 
devices of 80V or 120V according to the preferred em- 
bodiment of this invention, wherein x-axis represents the 
width "W" of the modifying doped region (FIG. 2A/2B) and 
y-axis the breakdown voltages of the HV-MOS devices. As 



shown in FIG. 5, the breakdown voltage of the HV-PMOS 
or HV-NMOS of 80V or 120 V can be effectively increased 
by using the method of this invention. 
[0025] since the additional modifying doped region 270 can re- 
duce the corner curvature of the depletion region of the 
S/D grade region 262, as shown in FIG. 2B, the electric 
field there can be reduced to increase the breakdown 
voltage of the HV-MOS devices according to this inven- 
tion. 

[0026] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



